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ABSTRACT 



A miniature inspection system for observing an object. The 
system comprises a camera defining an optical axis defined 
between the camera and the object when located at an 
inspection location. A ring light is located concentrically 
with respect to and along the optical axis at a location 
between an entrance aperture of the camera and the inspec- 
tion location. Afield lens is located along the optical axis at 
a location between the camera and the ring lights. A mirror 
or a penta-prism may be located along the optical axis, 
between the camera and the field lens, so that light reflected 
from the object along the optical axis is reflected by either 
the mirror or the penta-prism toward the entrance aperture of 
the camera. An illumination source, may be also provided to 
supply illumination along the optical axis of the system. 

19 Claims, 1 Drawing Sheet 
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MINIATURE INSPECTION SYSTEM The term "diffuse", as used in this specification and the 

appended claims, means a light source which is dispersed 

The present invention relates to a mounted camera used over a broad range of incident angle of azimuth and eleva- 

in conjunction with an illumination source having a diffuser tion with respect to the object being observed, and the light 

associated therewith, a reflective surface, and a field lens, to 5 source approaches complete coverage over the area where 

provide a compact inspection system which is extremely the light is directed, i.e. greater than 25% of the possible 

small in size and facilitates use within the small confines of angular range of incident light. The term "concealed", as 

semiconductor processing equipment. used in this specification and appended claims, when refer- 

BACKGROUND OF THE INVENTION „ ™ g 10 ^a^^K^Iu ^ 

10 the surface emitting the diffused light from the diffuser is 

There are a variety of known inspection systems which positioned such that the emitting surface of the diffuser can 

illuminate a flat surface to be inspected such as a laser- no t directly illuminate the object, i.e. only indirect illumi- 

etched art work semiconductor lead framework. However, na ti 0 n of the object by reflection of light off the beam splitter 

most of the known inspection systems are of a relatively 0 r the side wall(s) of the housing or supplying light through 

Large size which do not easily fit within the small confines 15 the beam splitter can occur. 

of currently available semiconductor processing equipment. Furlher objects an(J advaQlages of me present inventioD 

In particular, known arrangements typically affix a ring of are a pp aren t from the following description and disclosure, 

LEDs to the underside of rather large and bulky inspection references being made to the drawings setting forth features 

equipment. The ring of LEDs is centered about the optical of me pre sent invention in greater detail, 

axis which extends normal to the inspection surface. This 20 

illumination geometry is useful for imaging "minor melt- BRIEF DESCRIPTION OF THE DRAWINGS 
ing" by a laser of desired art work on a diffusely reflecting 

metal surface. In the area affected by the laser, the diffused The invention will now be described, by way of example, 

surface finish is melted to convert that surface area into a with reference to the accompanying drawings in which: 

highly specular surface finish. This specular surface finish 25 FIG. 1 is a diagrammatic representation of an embodi- 

reflects the low-angle dark field illumination off at an ment of the inspection system according to the present 

equivalent low-angle causing it to appear dark in the field of invention; and 

view. The diffuse background finish reflects some of the FIG. 2 is a diagrammatic representation of a cylindrical 

incident low-angle illumination along the optical axis into shield or ferrule according to the present invention, 

the camera lens and hence that area appears bright. This 30 

combination causes the "mirror melting" laser mark to DESCRIPTION OF THE PREFERRED 

appear in high contrast, e.g. black on a white surface, EMBODIMENTS) 
rendering it fairly easy to decipher by conventional machine 

vision systems Wiih reference to FIG. 1, an embodiment of the present 
If the lead' frame surface finish is highly specular, 35 mvention wm now be described in detdl. As can be seen is 
however, the dark field illumination geometry described f 16 ; l > f he ms P ect i on svstem generally comprises a board- 
above will cause the surface to appear black, hence render- level ."T?" 6 - ^ ' ™c / , ( f 
ing invisible any "mirror melting" art work, e.g. a dark field cou ? led , de \ lce > camera ' a U CM ° S ( metal oxlde 
on a dark field. On such a highly specular surface for laser semiconductor) camera or some other observation or inspec- 
etching to be visible under a dark field illumination the 40 tion ^vice which is weU known in the art. llie camera 4 is 
surface must be optically "roughed up" by the laser. For P 0 "* f °< ™ object 6 to be inspected and an 
example, the surface must be etched so as to form small f^^i^pacAbeiw^^cs^A^^tbitct 
craters or pits. Under dark field illumination, only the rim of ?■ A fleld lens 10 15 P° sltM >° ed ^"g °P^ 1 *™ *■ * » 
the laser pits will reflect light to the camera while the valleys ! ocatlon betw f n \<? m ™ en ^ ce * e ? ta * 5 ™ 
of the pits will reflect the light to the surrounding environ- 45 « ^ ? a PP re " ated 
ment If the pits are small enough and spaced closely enough ^ the . fld * lens 10 f »PP°rt«? within the system 2 m a 
together they can be made to appear as a "solid" feature. If ^nvenUonal manner (not shown in specific detail) such that 
the pits are isolated and enlarged, however, they appear as ^ fieW lens f 10 can b ^ r , e f d , lly mt ° rchan g<^ ™ repla f d Wlth 
bright rings on a dark background, potentially causing \ vanet y. ° f othei k fie u ld ^ns, havmg different focusing 
problems with the inspection algorithms currently used in so ^"^^cs, so that by selecting an appropriate power of 
prior art systems s a W1 " e ran S c °t optical magnifications and/or 

fields of view can be achieved by the system 2. 

SUMMARY OF THE INVENTION ^ interchangeable or replaceable field lens feature 

Wherefore, it is an object of the present invention to provides additional flexibility to the basic design of the 

overcome the aforementioned problems and drawbacks 55 present invention. 

associated with the prior art designs. Additionally, a penta-prism 34 is located along the optical 

The present invention relates to an miniature inspection axis 8 between the camera 4 and the field lens 10 to alter the 

system for observing an object, where the inspection system path of the optical axis 8. The penta-prism 34 is supported 

has a camera, an illumination source associated with a conventionally within the system ^"lrrthe~saT^riianTier as 

diffuser, a field lens and a penta-prism. The inspection eo the field lens 10. The penta-prism 34 has five surfaces 35, 36, 

systems provides bright field illumination to a desired sur- 37, 38 and 39. Only two of these surfaces are utilized for 

£ acc * reflecting light, e.g. the first and second reflective surfaces 

Additionally, the illumination source provides for diffused 35 and 37, respectively, while two other surfaces are utilized 

illumination of the object to be observed. In applications for transmitting light, e.g. the first and second trausmissive 

where the marks on the object being observed are relatively 65 surfaces 38 and 39, respectively. The first reflective surface 

small, the illumination source does not have to be signifi- 35 is disposed at approximately 67.5° with respect to the 

cantly larger in size than the camera aperture itself. optical axis 8 of the camera 4 while the second reflective 
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surface 37 is disclosed at approximately 22.5° with respect It is to be appreciated that the penta-prism 34 is inter- 
to the optical axis 8 of the camera 4. The first and second changeable with a pair of flat mirrors which may be disposed 
transmissive surfaces 38 and 39 both lie substantially at angles of approximately 67.5° and 22.5° with respect to 
normal, e.g. lie at an angle of about 900, respectively, with the optical axis 8 of the camera 4, or other combinations of 
respect to the optical axis 8. 5 ang i es wn i c h have the effect of redirecting the optical axis 

A ring of LEDs 14 is affixed internally to the system 2, 0 f the camera at approximately a right angle for viewing the 

e.g. to the interior of a conventional framework 16 of the surface 12 to be inspected. The purpose of the penta-prism 

system, and the optical axis 8 extends through the center of or mc pair of flat mirror surfaces is to twice invert the image 

the ring of LEDs 14 The ring of LEDs 14 is powered, via of the o5jcct t0 be mspectcd so it is pcrce ived by the camera 

electrical wiring 18 by an appropriate power source 20 and w 4 ^ a right side f ashion rathcr ^ in aQ fashkm 

the power is controlled by a rheostat 79 to facilitate desired * . . * * . r. 

illumination of the top surface of the object 6 to be inspected In ^ disclosed embodiment of the present invention, the 

by the ring of LEDs 14 at different light intensities. A ring s y stem is Preferably contained within a small exterior sys- 

diffuser 23 is affixed to the underside of the conventional tem housing 88. The system housing 88 has a height 

framework of the system and located between the ring of dimension of no more than about 3 1 /* inches, and preferably 

LEDs 14 and the top surface of the object 6 to be inspected 15 a height of between 1.5 and 2.0 inches, a width dimension 

such that the optical axis 8 additionally extends through the of about 1 .5 inches, preferably a width dimension of 

center of the ring diffuser 23. between 1.25 and 1.75 inches, and a depth dimension of 

During use, the /light ^^^^ ^^^^|fi4^ is supplied about 5 inches, and preferably a depth of between 4.5 and 
through the diffuser-234ow1u ^^rfe^D^ inspected. 5.5 inches. The miniaturization or small size of the system 
Some of the light supplied bv^the ring of LEDs 14 through 20 housing 88, according to the present invention, facilitates 
the diffuser 23 is reflected by-the surfac^42-of-the"of7ject 6 placement of the system within the small confines of con- 
to be inspected to the surrounding environment. The remain- ventional semiconductor processing equipment, 
ing light . supplied by the ring of LEDs 14 through the ^ system housing 88 has at lelst on6 rtur6 gy 
dj&ser^, is reflected off the surface 12 of the object 6 provid6d a bas6 surface ^ aU of ^ co ^ 

along the optical axis 8 toward the field lens 10. 25 u- u j « n *u 1 ■ o c *u * 

, i , . . r ~* at n in ^« * which define or alter the optical axis 8 of the system 2 are 

The light enters a first surface 22 of the field lens 10 and „ A %u • , u . JL u • OQ , 

- 1* j u *u * * i c t. * • C1J arranged with in the system housing 88 so that the optical 

is altered by the internal focusing characteristics of the field • o * j a. u *u * i « o* r *l 

lens 10. The focused light exits the rear surface 24 of the 8 e * tends through the at least one aperture 87 of the 

field lens 10 and then is supplied to and enters the second housing. The nng light, or some other known or 

transmissive surface 39 of the penta-prism 34, which is 30 <™ tl0nal source, is affixed adjacent the at 

arranged substantially normal to the optical axis 8, so the cast ° ne a P cr * rc S ]> and d fo ^ applying illumina- 

light passes substantially directly therethrough and is sub- Uon at aD an & le Wlth rcs P ect to the °P tlcal axis ' 

stantially unaltered by the second transmissive surface 39. Acylindncal shield or ferrule 83 (FIG, 2) is secured to and 

The fight then is reflected off the second reflective surface 37 extending from the base of the framework 16. The ferrule 83 

of penta-prism 34 toward the first reflective surface 35 of the 35 serves a number of functions. First, the ferrule 83 is pref- 

penta-prism 34. The light then reflects off the first reflective erabl y P amted black on ^ ™ ide to P revent "blow-back" of 

surface 35 of the penta-prism and exits through the first ^ from an y LED of ^ m g of LEDs 14 back t0 the 

transmissive surface 38 of the penta-prism and is supplied penta-prism and/or the camera lens, i.e. to absorb light 

toward the lens entrance aperture 5 of the camera 4. The supplied directly by any one of the LEDs. Second, the 

focused light finally enters the camera 4, via the lens 40 ferrule 83 is P ainted white on to outside to help disperse 

entrance aperture 5, and is appropriately sensed by the and diffuse light within the LED ring circuit chamber of the 

internal sensing mechanism of the camera 4. Since the rin B of LEDs 14 & c ferrule 83 hel P s position the 

internal sensing feature of camera 4 is well known to those °P tical axis 8 P ro P erl y with respect to the LED circuit. That 

skilled in this art, a further detailed description concerning ^ e base of ^ nousin g 8 $ bas at least one circular hole 

the same is not provided herein. 45 or aperture 87 provided therein and the ferrule 83 is the same 

The camera 4 is, in turn, coupled to a machine vision size or sli S htl y lar * er in sizc than me at least one 8r 

system 26 (only diagrammatically shown), via a conven- In a preferred form of the invention, the camera is a 

tional cable 25, for determining the sensed image, e.g. by a "board-level" camera which is particularly small in size. The 

comparison of the sensed image with prior input features, small size of the camera is crucial to the utility and the 

images, characters, objects, contours, shapes, indicia, etc. so faction of m e imaging module according to the present 

Once the desired characteristic, feature, etc., of the object(s) invention. 

6 to be observed or inspected is determined by the system 2, It is to be appreciated that a penta-prism 34 is preferred 

the object(s) 6 can then be further manipulated by the over a pair of mirror as any slight misalignment of the 

system, e.g. the object can be accepted or rejected, can be penta-prism 34, within a mounting slot, will still facilitate an 

package or further conveyed, can be sorted by size, shape, 55 accurate reflection of the light from the object at an angle of 

or type, etc., depending upon the particular application. The 90°. Secondly, the penta-prism is easy to clean because both 

machine vision system 26, in turn, is connected to a com- transmissive surfaces are exposed (face outwardly) while, if 

puter 27 via a conventional cable 28. The computer 27 is two separate mirrors are employed, the reflective surfaces of 

typically electrically connected, by a cable 29, to a motor 30 the two separate mirrors face inwardly and are much more 

which rives a conveyor 31 or some other transportation or 60 difficult to maintain in a clean condition. Lastly, the machin- 

conveying device for controlling further manipulation or ing of the mounting members) for supporting the penta- 

manufacturing of the object 6, e.g. for inspection, prism is simpler than manufacturing a mounting arrange- 

transportation, processing, sorting orientation, etc. As the rnent for mounting two separate mirrors, e.g. cylindrical 

present invention primarily relates to the inspection system bores and right- angle cuts are required rather than narrow 

2, a further detailed description concerning the machine 65 slots at odd angles. 

vision system 26 and its associated components will not be In a preferred form of the invention, the penta-prism 34 

provided. and the field lens 10 are glued in place with optical U V-cured 
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epoxy rather than by being fastened to the housing via 
mounting screws and/or retaining rings. Such attachment 
simplifies the machining of the apparatus and reduces the 
number of components thereby further minimizing the 
chances of damaging the optical components during assem- 5 
bly or at the inspection site. 

Preferably, the field lens is an off-the-shelf 25 mm "lip- 
stick" lens. It is to be appreciated, however, that the use of 
50 mm achromat field lens also allow a desired field of view 
(4.5 rnmx6.00 mm) to be achieved at the required distance 10 
dictated by the penta-prism and the light source dimensions. 
However, the inventor has determined that placing the field 
lens between the camera lens and the penta-prism, rather 
than placing the field lens between the penta-prism and the 
object, generally does not provide satisfactory optical 15 
results. 

Since certain changes may be made in the above 
described observation system, without departing from the 
spirit and scope of the invention herein involved, it is 
intended that all of the subject matter of the above descrip- 20 
tion or shown in the accompanying drawing shall be inter- 
preted merely as examples illustrating the inventive concept 
herein and shall not be construed as limiting the invention. 

I claim: 

1. A miniature inspection system for observing an object, 25 
the inspection system comprising: 

a camera for inspecting an object when located at an 
inspection location, the camera having an entrance 
aperture lense and an optical axis being defined 
between the entrance aperture lense of the camera and 
the inspection location; 

a ring light, for providing light to the object to be 
inspected, being located concentrically with respect to 
and along the optical axis, at a location between the 35 
entrance aperture lense of the camera and the inspec- 
tion location; 

a field lens being located along the optical axis at a 
location between the entrance aperture lense of the 
camera and the inspection location; ^ 

at least one reflective surface being located along the 
optical axis, between the entrance aperture lense of the 
camera and the field lens; and 

a diffuser being located between the ring light and the 
inspection location to diffuse the light supplied by the 45 
ring light to the object when located at an inspection 
location. 

2. The miniature inspection system according to claim 1, 
wherein said at least one reflective surface is a penta-prism. 

3. The miniature inspection system according to claim 1, 50 
wherein the ring light is a planar ring light and contains a 
plurality of LEDs, and said plurality of LEDs are aligned 
with the diffuser to provide diffused illumination of the 
object to be inspected. 

4. The miniature inspection system according to claim 1, 55 
wherein the ring light is powered by a power source which 
has a mechanism for controlling an the intensity and char- 
acter of the light supplied by the ring light for providing 
illumination. 

5. The miniature inspection system according to claim 1, so 
in combination with a vision system which is electrically 
coupled to said miniature inspection system, a computing 
mechanism which is electrically coupled to said vision 
system, and a conveying mechanism which is electrically 
coupled to said computing mechanism, and said vision 65 
system supplies a sensed image of the object to be inspected 

to said computing mechanism which determines one of a 



characteristic and a feature of said object and outputs a 
signal to said conveying mechanism to control further 
manipulation of said object in view of one of said charac- 
teristic and feature. 

6. The miniature inspection system according to claim 1, 
wherein the camera is a board-level camera. 

7. The miniature inspection system according to claim 1, 
wherein the field lens 50 mm is an achromat field lens. 

8. The miniature inspection system according to claim 1, 
wherein the inspection system includes a system housing 
which has a height dimension of no greater than about 3VS 
inches, a width dimension of about 1 .5 inches, and a depth 
dimension of about 5 inches. 

9. The miniature inspection system according to claim 1, 
wherein the inspection system includes a ferrule which is 
centered with respect to the optical axis, the ferrule extends 
alone the optical axis and is locate between the ring light and 
the optical axis to separate the ring light from the optical 
axis, and an inwardly facing surface of the ferrule being 
black to function as a light trap and absorb any stray light 
from the ring light. 

10. The miniature inspection system according to claim 9, 
wherein the ferrule is white on an outside thereof to disperse 
and diffuse light from the ring light. 

11. A miniature inspection system for observing an object, 
the inspection system comprising: 

a housing having an observation aperture therein; 

a camera, located within the housing, for inspecting an 
object when located at an inspection location, and an 
optical axis being defined between a lense of the 
camera and the inspection location and extending 
through the aperture in the housing; 

a surrounding light, supported by the housing, for pro- 
viding light to the object to be inspected, the surround- 
ing light being located concentrically with respect to 
and along the optical axis, at a location between an 
entrance aperture of the camera and the inspection 
location; 

a field lens, located within the housing, being located 
along the optical axis at a location between the lense of 
the camera and the inspection location; 

at least one reflective surface, located within the housing, 
being located along the optical axis, between lense of 
the camera and the field lens; 

a ferrule, supported by the housing, extending along the 
optical axis, the ferrule defining the observation aper- 
ture of the housing and, the ferrule being locate 
between the surrounding light and the optical axis to 
separate the surrounding light from the optical axis, and 
an inwardly facing surface of the ferrule being black to 
function as a light trap and absorb any stray light from 
the surrounding light; and 

a diffuser, supported by the housing, being located 
between the surrounding light and the inspection loca- 
tion to diffuse the light supplied by the surrounding 
light to the object when located at the inspection 
location. 

12. The miniature inspection system according to claim 
11, wherein said at least one reflective surface is formed by 
a penta-prism. 

13. The miniature inspection system according to claim 
11, wherein the surrounding light is a planar surrounding 
light and contains a plurality of LEDs, and said plurality of 
LEDs are aligned with the diffuser to provide diffused 
illumination of the object to be inspected. 

14. The miniature inspection system according to claim 
U, wherein the surrounding light is powered by a power 
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source which has a mechanism for controlling both an 
intensity and character of the light supplied by the surround- 
ing light for providing illumination. 

15. The miniature inspection system according to claim 
11, in combination with a vision system which is electrically 5 
coupled to said miniature inspection system, a computing 
mechanism which is electrically coupled to said vision 
system, and a conveying mechanism which is electrically 
coupled to said computing mechanism, and said vision 
system supplies a sensed image of the object to be inspected 10 
to said computing mechanism which determines one of a 
characteristic arid a feature of said object and outputs a 
signal to said conveying mechanism to control further 
manipulation of said object in view of one of said charac- 
teristic and feature. 15 

16. The miniature inspection system according to claim 
11, wherein the camera is a board-level camera. 

17. The miniature inspection system according to claim 
11, wherein the field lens 50 mm is an achromat field lens. 

18. The miniature inspection system according to claim 20 
11, wherein the inspection system includes a system housing 
which has a height dimension of no greater than about 3VS 
inches, a width dimension of about 1.5 inches, and a depth 
dimension of about 5 inches. 

19. A miniature inspection system for observing an object, 25 
the inspection system comprising: 

a housing having an observation aperture therein, the 
housing accommodating; 

a board level camera, having a lense, for inspecting an 
object when located at an inspection location, and an 30 
optical axis being defined between the board level 



Bl 
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camera and the inspection location and extending 
through the aperture in the housing; 

a surrounding light, for providing light to the object to 
be inspected, being located concentrically with 
respect to and along the optical axis, at a location 
between an entrance aperture of the board level 
camera and the inspection location; 

a field lens being located along the optical axis at a 
location between the board level camera and the 
surrounding light; 

a penta-prism being located along the optical axis, 
between the board level camera and the field lens, for 
reflecting light supplied by the field lens toward the 
board level camera; 

a ferrule being located adjacent the observation aper- 
ture of the housing and extending along the optical 
axis, the ferrule being locate between the surround- 
ing light and the optical axis to separate the sur- 
rounding light from the optical axis, and an inwardly 
facing surface of the ferrule being black to function 
as a light trap and absorb any stray light from the 
surrounding light and an outwardly facing surface of 
the ferrule being white to disperse and diffuse light 
supplied by the surrounding light; and 

a diffuser being located between the surrounding light 
and the inspection location to diffuse the light sup- 
plied by the surrounding light to the object when 
located at the inspection location. 

* * * * * 
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